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344a Tuesday , March 8, 2011(Ser16, Lys27 and Asn34) may implicate domain Ib of phospholamban in
the order-to-disorder transition. In summary, the two-dimensional co-crys-
tals with SERCA require a functional pentameric form of phospholamban,
which physically interacts with SERCA at an accessory site distinct from
that used by the phospholamban monomer for the inhibitory association.
Phosphorylation or mutation of phospholamban alters the SERCA-pentamer
interaction in a manner normally associated with inhibition by the mono-
mer.
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Thrombospondin-4 is Necessary for the Increased Calcium Cycling
Associated with the Slow Force Response
Jonathan A. Kirk, David A. Kass, Oscar H. Cingolani.
Johns Hopkins University, Baltimore, MD, USA.
Thrombospondin-4 (TSP4) is a matricellular protein found in the heart and
upregulated in heart failure; however, its role in cardiac regulation is un-
known. Our previous work showed that mice lacking the TSP4 gene
(tsp4-/-) respond normally to acute (seconds) pressure overload, but rapidly
deteriorate minutes after. Thus, we hypothesize that TSP4 is involved in the
slow force response (SFR), the second phase of stretch-mediated adaptation
to loading, discovered a century ago, yet not fully understood. One pro-
posed mechanism for the SFR is an increase in ERK phosphorylation
that leads to increased Naþ/Hþ exchanger-1 activity. The latter increases
intracellular Naþ, causing the Naþ/Ca2þ exchanger (reverse mode) to rise
intracellular Ca2þ, therefore increasing force. To investigate this, cardiac
papillary muscles were isolated from tsp4-/- and wild-type (WT) litter-
mates. Muscles were stretched from 92% of the length that generated max-
imum force (Lmax ) to 98% Lmax. This length was maintained for 15 min
while force and Ca2þ transients (fura-2AM) were simultaneously recorded.
The immediate rise in force without change in Ca2þ (Frank-Starling) was
similar in both groups. However, whereas a positive SFR occurred in
WT (33 5 7%, n=5), tsp4-/- muscle displayed a negative SFR (14 5
2%, n=5). The difference in force was accompanied by a rise in Ca2þ in
WT but not in tsp4-/- (7 5 2% vs. 15 2%, P<0.05). Next, hearts were
excised from mice 15 minutes following transaortic constriction (pressure
overload) and phosphorylation of ERK1/2 and Akt was found to be de-
creased in the tsp4-/- mice (P<0.05). We conclude that TSP4 is necessary
for cardiac adaptation to stretch. Its absence blunts the SFR (force and
Ca2þ rise). Moreover, TSP4 seems to be involved in this mechanism up-
stream of ERK1/2 and Akt.
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Passive Properties of the Isolated Mouse Heart: Titin, Collagen and the
Working Sarcomere Length Range
Charles S. Chung, Nathan E. Cromer, Henk L. Granzier.
University of Arizona, Tucson, AZ, USA.
Understanding the passive properties of the left ventricle (LV) is important
with the high and increasing prevalence of Diastolic Heart Failure. We ex-
amined the sources of passive pressure in the isolated mouse heart and its
working sarcomere length (SL) range. A Langendorff perfused isolated
heart system was used with a volume controlled balloon inserted in the
LV of the mouse (C57BL/6). Hearts were paced and perfused with a Tyrode
solution at constant perfusion pressure. The volume control system was
used to measure Frank-Starling (FS) relationships. Hearts were then ar-
rested and permeabilized by perfusing the heart with 1% triton in a relaxing
solution followed by measurement of the FS relationship. The obtained
passive pressure-volume curve for the permeabilizied heart was lower
than that of the intact heart; analysis revealed that turgor from constant
pressure perfusion of the intact heart is a major source of this difference.
To determine the molecular basis of the passive pressure of the skinned
heart, we used both myofilament extraction and trypsin degradation of titin
and repeated FS measurements. Both methods suggest that titin produces
~80% of the passive pressure of the heart. Additional intact hearts were
glutaraldehyde fixed at passive and BaCl2 activated conditions at similar
volumes to the permeabilized hearts. Mid-wall fibers were carefully dis-
sected from the hearts and SL measured via laser diffraction. SL of acti-
vated hearts ranged from 1.8-2.0um; diastolic SL from 1.95-2.15 um.
Consistent with the isolated heart experiments, isolated muscle work shows
that in this SL range, titin is the main contributor to passive tension. In
conclusion, in the mouse LV diastolic sarcomere lengths exists in a rela-
tively tight range and in this range titin is the major contributor to diastolic
pressure of the intact heart.1869-Plat
Protein Phosphatase-5 is a Novel Titin Ligand Which Dephosphorylates
Cardiac Titin and Reduces Passive Myocyte Stiffness
Judith Krysiak, Nazha Hamdani, Sebastian Ko¨tter, Patrick Lang,
Wolfgang A. Linke.
Ruhr Univ. Bochum, Bochum, Germany.
Titin’s elastic I-band region is a hotspot for protein-protein interactions
and important for myocyte extensibility and passive stiffness. The titin
springs can be phosphorylated at the N2B-unique sequence (N2Bus) by
protein kinases (PK)A or PKG and at the PEVK-domain by PKCalpha,
which affects passive stiffness. We searched for protein phosphatase(s)
acting on the N2Bus. A yeast-2-hybrid (Y2H) screen with the human
N2Bus ("bait") and a human heart cDNA library ("prey") detected the cat-
alytic domain of the serine/threonine protein phosphatase-5 (PP5) as
a binding partner of the cardiac N2Bus. The interaction was confirmed
in forced Y2H screens with the N2Bus and full-length PP5 or PP5 cata-
lytic subunit (PP5c), and also in GST-pulldown assays. In cardiomyocytes,
PP5 was mainly in the cytosol but also in the nucleus and at the sarco-
meric I-bands. Recombinant PP5 was found by autoradiography to dephos-
phorylate recombinant, PKG-phosphorylated, N2Bus, and PP5 bound more
strongly to (PKA-/PKG-)phosphorylated N2Bus than to non-phosphorylated
N2Bus. Phosphorylation of titin could be reduced in human heart tissue
treated ex vivo with recombinant PP5c, an effect detected with phospho-
N2Bus (S469) specific antibodies. A transgenic mouse model with PP5
overexpression revealed reduced cardiac titin phosphorylation levels com-
pared to wildtype mouse hearts. PP5 expression was elevated in human
heart failure, while titin phosphorylation was depressed. PP5c treatment
of enzymatically skinned single human cardiomyocytes significantly re-
duced passive stiffness, which can potentially be explained by dephosphor-
ylation of the PEVK-domain adjacent to the N2Bus. In conclusion, PP5 is
a novel binding partner of cardiac titin at the N2Bus and acts to reduce
passive myocyte stiffness by dephosphorylating the titin springs. PP5 may
participate in mechanical signaling pathways converging on the titin
springs.1870-Plat
Changes in Traction Force Mediated Through the Actin-Myosin Interface
Controls Inside-Out Integrin Signaling Leading to Cardiac Hypertrophy
Milad Motarjemi, Amanda Cline, Maria Valencik, Josh Baker.
University of Nevada School of Medicine, Reno, NV, USA.
In cardiac muscle, the interplay between forces generated by the contractile
apparatus and sensed by integrins is thought to play an important role in
cardiac remodeling and the pathogenesis of diseases such as hypertrophic
cardiomyopathy (HCM). Although the effects of external forces on integrin
signaling have been extensively studied in cardiac myocytes, the effects of
internal contractile forces on integrin signaling remain undefined. To study
the effects of altered contractility on integrin signaling, we have developed
an in vitro tissue model consisting of a flexible micropattered scaffold
which facilitates organized growth and differentiation of neonatal rat ven-
tricular myocytes (NRVMs) into an adult phenotype with an organized fil-
ament structure (cardiofilaments) with intercalated discs. To measure
integrin activation in this model system, we have constructed an adenovirus
expressing a talin-GFP fusion protein. Binding of this talin-GFP to integrins
upon integrin activation will be detected using total internal reflectance
(TIRF) microscopy. We have confirmed talin-GFP colocalization with in-
tegrins at cell-ECM contacts using confocal microscopy. To measure trac-
tion forces generated by cardiofilaments, we use TIRF microscopy to
measure displacements of fluorescent markers embedded within the laminin
matrix. Simultaneous measurements of integrin activation and cardiofila-
ment mechanics will allow us to directly determine how contractile forces
altered by small molecule effectors such as blebbistatin influence integrin
signaling. We hypothesize that activating sarcomere contractile forces
will increase traction forces and activate integrins, initiating a hypertrophic
response.1871-Plat
Reverse Ventricular Remodeling by Estrogen Therapy in a Rat Model of
Experimental Pulmonary Hypertension
Rangarajan Nadadur, Soban Umar, Rod Partow-Navid, Andrea Iorga,
Humann Matori, Mansoureh Eghbali.
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Tuesday , March 8, 2011 345aPulmonary hypertension (PH) leads to right-ventricular hypertrophy and
failure(RVF). RVF involves adverse remodeling of the ventricular extracel-
lular matrix(ECM). Recently we found that estrogen (E2) rescues PH-in-
duced RVF. Here we investigated the effects of E2 on ECM
homeostasis. To induce PH, rats were injected with monocrotaline. At
day21, when PH had established, rats either received E2 (E2-group) for
10 days or were left untreated to develop RVF (RVF-group). Some E2
treated rats were sacrificed at day 30, and some were kept 12 days after
E2-withdrawal until day 42 (E2-W-group). Echocardiography, immunohisto-
chemistry, Western Blot and RT-PCR were performed. The RVF-group de-
veloped severe PH and RV failure with significantly depressed RV ejection
fraction (RVEF=30.451.8%,n=8 vs. 65.151.7%,n=5 in control). E2-ther-
apy resulted in significant improvements in RVEF in E2-group
(61.550.8%,n=10) that further improved in E2-W(63.150.9%,n=6). Struc-
tural changes in RV were also observed in the RVF-group including fibro-
sis and re-expression of the ECM proteins Osteopontin (OPN) and
Osteocalcin(OCN). OPN and OCN transcripts were significantly upregulated
in RVF(4.5 and 2-fold, respectively). OCN protein was also upregulated 2-
fold in RVF. Interestingly, although OPN and OCN transcripts in E2-group
were similar to RVF, OPN transcripts and OCN protein levels in E2-W
were fully restored to their values in healthy controls. Upregulation of
OPN and OCN in RVF and their persistence in E2 suggest their role in
mitigating adverse ventricular remodeling. Next, we investigated possible
regulation of ECM-degrading enzymes A Disintegrin And Metalloproteinase
(ADAM)15 and ADAM17 in PH and by E2 therapy. Both ADAM tran-
scripts were significantly upregulated in RVF and E2(~2.5 and 2-fold, re-
spectively) and were restored to control levels in E2-W. These results
suggest that a short-term E2-therapy leads to reverse ECM remodeling
which could contribute to long-term functional improvements in the RV
even after removal of E2.
1872-Plat
Visualisation of the Cytoskeleton in Cardiac Myocytes from a Model of
Atrial Fibrillation
Peter Lipp, Sandra Ruppenthal, Anke Scholz, Jennifer Jung, Lars Kaestner.
Saarland University; Molecular Cell Biology, Homburg/Saar, Germany.
Recently, in a mouse model of atrial fibrillation (RacET mouse) we have
shown that ec-coupling in ventricular as well as atrial myocytes was majorly
disturbed. We identified structural remodeling of T-tubular membranes as
a significant underlying mechanisms. In the heart it is well known that in-
creases in Rac1-activity (a small GTPase of the Rho family) result in produc-
tion of reactive oxygen species. Besides this, in other cell systems, Rac1 can
also lead to re organization of cytoskeletal components. In this study we inves-
tigated which components of the cytoskeleton in cardiac myocytes are affected
by the overexpression of constitutively active Rac1 (RacET). For this we used
high-resolution confocal microscopy of fixed ventricular and left & right atrial
myocytes, that were isolated from age-matched FVBN (wt-control) and
RacET mice and probed for the following cytoskeletal and related proteins:
actin, alpha-actinin, tubulin, vinculin and desmin. In addition, selected dou-
ble-labeling of myocytes allowed for the analysis of the relationship between
the various components. Confocal stacks (stepsize 100-200 nm) were decon-
volved and 3D-reconstructed in IMARIS software (BitPlane, CH). We found
the actin cytoskeleton unaltered in ventricular and atrial myocytes while mi-
crotubules displayed distinct alterations in RacET ventricular cells. While
vinculin showed no differences in its cellular distribution, the important car-
diac cytoskeletal protein desmin was distributed away from the z-discs in
atrial myocytes from RacET mice and showed a more random and peripheral
localization. We suggest that desmin-phosphorylation might lead to this re-
distribution and might significantly contribute to cellular remodeling in atrial
fibrillation.
This work was supported by the DFG (KFO196) and the Medical Faculty
(HOMFOR).Platform AH: Membrane Protein Structure II
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Lipid-Protein Interactions: are in Vitro and in Vivo Studies Contradictory
Or Complementary?
Jean-Marie Ruysschaert, Cedric Govaerts.
Free University of Brussels, Brussels, Belgium.A classical strategy to understand lipid-protein interactions is to assay
structure and function of purified membrane proteins reconstituted in pro-
teoliposomes whose lipid composition, fluidity, membrane tension, and/or
curvature can be controlled. Based on this approach, we have recently pro-
posed that LmrP, a secondary transporter requires specific interactions be-
tween protein motifs and the lipid headgroup (1).Specifically, we
postulated that the polar moiety of phosphatidylethanolamine (PE) interacts
with one or several side chains of LmrP, this interaction being required to
allow sensing of the proton gradient, the energy source for transport. This
suggests that the protein has evolved one or more specific PE-binding mo-
tifs and that, although abundant in the bacterial membrane, PE acts as a co-
factor playing a structural and functional role akin to that of structural
water molecules in soluble proteins. An alternate approach has been devel-
oped where genetically modified bacterial strains have their lipid composi-
tion changed. Based on this new way to dissect lipid-protein interaction in
a native environment, it has been shown that the lactose permease, LacY,
exhibits transport activity when expressed in a mutant of E.coli where PE
is replaced by PC suggesting that it is the physical and chemical properties
of the lipid bilayer (rather than the hydrophilic moiety) that determine the
overall conformation of LacY required for transport (2). These opposite
views and interpretations will be discussed.
1) Hakizimana P, Masureel M, Gbaguidi B, Ruysschaert JM, Govaerts C.J Biol
Chem. 2008,283(14):9369-76
2) Bogdanov M, Heacock P, Guan Z, Dowhan W Proc Natl Acad Sci U S A.
2010 Aug 24;107(34):15057-62.
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Folding and Self-Assembly of the Pore-Forming Unit Tat-A of the
Bacterial Twin-Arginine Translocase
Stephan L. Grage1, Torsten H. Walther1, Moritz Wolf1, Attilio Vargiu2,
Marco J. Klein1, Paolo Ruggerone2, Wolfgang Wenzel1, Anne S. Ulrich1.
1Karlsruhe Institute of Technology, Karlsruhe, Germany, 2University of
Cagliari, Cagliari, Italy.
The bacterial Twin-arginine translocation pathway is able to transport fully
folded proteins across membranes. In B. subtilis it consists only of two
components: TatCd, which serves as a receptor for the signal peptide,
and the pore forming unit TatAd, which occurs in high stoichiometric ex-
cess. According to circular dichroism TatA contains a transmembrane seg-
ment, an amphiphilic helix, and an unstructured C-terminus [1]. Its detailed
moelcular structure was resolved by solid-state NMR spectroscopy in ori-
ented bilayers [2]. A striking pattern on the monomeric protein surface al-
lowed us to assemble several units into protomers and into an open
oligomeric pore. The stability of these complexes was supported by all-
atom MD simulations and using structure-based modeling [3]. The observed
interactions suggest that a novel motif for folding and self-assembly motif
is present in this membrane-bound transport system, which allows revers-
ible pore formation. Our comprehensive three-dimensional model thus rec-
onciles for the first time TatA transport with a pore size of variable
diameter, which can open and close by an energetically feasible
mechanism.
[1] Mu¨ller, S.D., A.A. De Angelis, T.H. Walther, S.L. Grage, C. Lange, S.J.
Opella & A.S. Ulrich (2007) Biochim. Biophys. Acta 1768: 3071-3079
[2] Walther, T.H., S.L. Grage, N. Roth & A.S. Ulrich (2010) J. Am. Chem. Soc.,
in press
[3] Grage, S.L., T.H. Walther, M. Wolf, A. Vargiu, M.J. Klein, P. Ruggerone,
W. Wenzel, A.S. Ulrich (2010) submitted~
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Pre-Insertion Topology of Transmembrane Proteins is Highly Plastic and
Can Be Controlled by a Single C-Terminal Residue
Joanna S. Slusky, Susanna Seppa¨la¨, Pilar Lloris-Garcera´,
Gunnar von Heijne.
Stockholm University, Stockholm, Sweden.
The mechanism by which helical membrane proteins are inserted into the
cellular membrane remains unclear. It is known that membrane proteins
are inserted co-translationally into the lipid bilayer and that positively
charged residues in the loop regions of TM proteins are important topolog-
ical determinants. However, it is unclear whether those charges act strictly
locally– affecting only the nearest transmembrane helices– or act globally–
affecting the topology of the entire protein. We have found that the topol-
ogy of an Escherichia coli inner membrane protein with four or five trans-
membrane helices can be controlled by a single positively charged residue
